


Contents

SUMMARY1

1APROGRAMOFRESEARCHINITIATIVES...7
TheNatureoftheField,7
OrganizationoftheReport,8
IntroductiontotheResearchInitiatives,9
InitiativeinAtomicPhysics,10
FundamentalTestsandHigh-PrecisionTechniques,10
Many-ElectronDynamics,14
TransientStatesofAtomicSystems,16
InitiativeinMolecularPhysics,18
ThePhysicsofIsolatedMolecules,18
ThePhysicsofMolecularCollisions,22
InitiativeinOpticalPhysics,23
NewLightSources,24
AdvancedSpectroscopy,26
QuantumOptics,28

2ATOMIC,MOLECULAR,ANDOPTICALPHYSICS
INTHEUNITEDSTATESTODAY29
DemographicsofAtomic,Molecular,andOptical
Physics,29



SizeoftheField,29
Employment,30
DistributionofEffort,30
TheEducationalRoleofAtomic,Molecular,and
OpticalPhysics,30
ScientificInterfacesandApplications,31
TheEconomicImpactofAtomic,Molecular,and
OpticalPhysics,33
TheHealthoftheFieldintheUnitedStates,35

3RECOMMENDATIONS37
Background―TheHistoryofSupport,37
Comments,38
APlanofAction,43
Recommendations,45
BaseSupport,45
Instrumentation,46
Theory,47
AccesstoLargeComputers,47
SpecialFacilities,48
Accelerator-BasedAtomicPhysics,48
Atomic,Molecular,andOpticalPhysicswith
SynchrotronRadiation,49

RelevanceofAtomic,Molecular,andOptical
ResearchtotheFundingAgencies,50
DepartmentofDefense,50
DepartmentofEnergy,51
NationalScienceFoundation,51
NationalAeronauticsandSpaceAdministration,52

4ATOMICPHYSICS53
ElementaryAtomicPhysics,53
AdvancesinQuantumElectrodynamics,54
MagneticMomentoftheElectronandPositron,55
LambShiftofHydrogen,57
MuoniumandPositronium,57
MuonicandHadronicAtoms,58
Time-ReversalSymmetry,58



Neutral-CurrentParityViolationsinAtomic
Physics,59
FoundationsofQuantumTheory:IsQuantum
MechanicsComplete?60
StudiesofTimeandSpace,61
FutureDirections,62
AtomicStructure,63
LooselyBoundAtomicStates,63
AtomsinStrongFields,66
Double-WellAtomicPotentials,67
CollectiveAtomicStates,67
RelativisticandQuantumElectrodynamicEffectsin
Atoms,68
AtomicDynamics,70
StructureoftheElectronContinuum,70
DielectronicRecombination,73
UltraslowCollisions,74
CollisionswithRydbergAtoms,75
ApproximateConservationLaws,76
TowardtheCompleteScatteringExperiment,77
ComparisonsofPositronandElectronScattering,77
Accelerator-BasedAtomicPhysics,78
AtomicCoherenceandOut-of-RoundAtoms,79
QuantumElectrodynamicsofHighlyCharged
Systems,79
PairProductioninTransientSuperheavies,80
Inner-ShellMolecularOrbitalsandMolecular
OrbitalXRays,81
ChargeTransfer,81
Slow-RecoilIonProduction,82
TunableXRays,83
AtomicPhysicsRequiringLargerFacilities,83
Accelerator-BasedAtomicPhysics,83
Atomic,Molecular,andOpticalPhysicswith
SynchrotronRadiation,86

5MOLECULARPHYSICS88
TheNewSpectroscopy,88



NewViewsofElectronicStructure,89
Electronic-StructureTheory:AbInitio
Calculations,92
Hydrogen-BondedMolecules,92
VibrationalStructureofPolyatomicMolecules,93
MolecularPhotoionizationandElectron-Molecule
Scattering,94
MolecularPhotoionization,95
MolecularAutoionizationDynamics,95
ShapeResonancesinMolecularFields,96
ResonantMultiphotonIonization,97
Electron-MoleculeCollisions,98
MolecularDynamics,99
State-to-StateChemistry,100
RadiativeCollisions,102
NewWaystoUnderstandtheDynamicsof
ChemicalReactions,103
VariationalTransition-StateTheory,104
Quasi-classicalTrajectoryCalculations,105
ApproximateQuantum-ScatteringCalculations,105
ResonancesinaSimpleReactionComplex,105
BondBreakingand"Half-Collisions,"106
ReactionsatVeryLowTemperatures,107
SomeNovelMolecularSpecies,107
MolecularIons,108
VanderWaalsMolecules,109

6OPTICALPHYSICS110
Lasers―TheRevolutionContinues,110
ExcimersandExcimerLasers,113
LaserSpectroscopy,114
UltrapreciseLaserSpectroscopy,115
UltrasensitiveSpectroscopy,115
Doppler-FreeLaserSpectroscopy,116
LaserCooling,117
CoherentOpticalTransients,117
UltranarrowOpticalTransitions,119
CoherentRamanSpectroscopy,119



QuantumOpticsandCoherence,120
PhotonAntibunching,120
OpticalBistability,121
SqueezedStates,122
RydbergAtomsandCavityQuantum
Electrodynamics,123
FemtosecondSpectroscopy,124

7SCIENTIFICINTERFACES126
Astrophysics,126
AtomicProcesses,128
RydbergAtoms,128
InterstellarMolecules,129
AstrophysicalChemistry,130
Cosmology,130
SpacePhysics,131
Condensed-MatterPhysicsandMaterialsScience,132
Light-ScatteringSpectroscopy,132
Clusters,134
UltranarrowOpticalTransitions,136
Spin-PolarizedQuantumFluids,136
SurfaceScience,138
Molecular-BeamSurfaceScattering,138
MetalClusters,139
StudyingSurfaceswithLaserLight,141
TheRoleofAtomic,Molecular,andOptical
DatainSurfaceScience,142
PlasmaPhysics,143
AtmosphericPhysics,144
NuclearPhysics,146
OpticalStudiesoftheNucleus,146
PolarizedNuclearSources,149
DynamicsattheAtom-NuclearFrontier,149

8APPLICATIONSOFATOMIC,MOLECULAR,AND
OPTICALPHYSICS151
PrecisionMeasurementTechniques,151
Fusion,155



MagneticConfinement,157
InertialConfinement,158
NationalSecurity,159
Fiber-OpticsCommunications,162
ManufacturingwithLasers,164
MaterialsProcessing,166
Laser-InducedSurfaceChemistry,166
IonImplantation,166
Data-BaseServices,167
MedicalPhysics,169
LaserSurgery,169
Magnetic-ResonanceWhole-BodyImaging,171

FURTHERREADING175

INDEX177




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

